Bacillus subtilis IolT is the major myo-inositol transporter for growth, while IolF is a minor one unable to support growth. We found that either IolT or IolF was sufficient for moderate growth using D-chiro-inositol. Conversely to IolT, IolF transported D-chiro-inositol more preferentially than myo-inositol. These results indicate that IolT and IolF are different in substrate specificity.
4)
D-chiro-Inositol is an isomer (epimer) of myo-inositol. B. subtilis can also grow on D-chiro-inositol as sole carbon source, depending on the functional iol operon. 5, 6) In a previous study, it was found that IolG is also capable of dehydrogenating D-chiro-inositol to 1-keto-D-chiro-inositol, and in addition, IolI appeared to be the inosose isomerase that converts 1-keto-Dchiro-inositol to 2-keto-myo-inositol. 6) Thus, successive IolG and IolI reactions can convert D-chiro-inositol to 2-keto-myo-inositol, which is degraded further through the remainder of the myo-inositol catabolic pathway, but D-chiro-inositol transport has never been investigated. In this study we examined the possible involvement of IolT and IolF in D-chiro-inositol uptake.
Strains of B. subtilis including 60015 (the wild type), IOLTd (iolT::pMUTIN2), 2, 7) FU350 (ÁiolF), 2) and FU351 (ÁiolF iolT::pMUTIN2)
2) were grown in the presence of myo-inositol or D-chiro-inositol as sole carbon source (Fig. 1) . Simultaneous inactivation of iolT and iolF in strain FU351 caused the most severe growth defect using either inositol isomer, indicating that both transporters are required for not only myo-inositol but also for D-chiro-inositol uptake. Functional iolT alone in strain FU350 was sufficient to support normal growth in the presence of myo-inositol, while iolF scarcely contributed to growth, as previously found.
2) When Dchiro-inositol was used as carbon source, however, iolF alone in strain IOLTd was able to support less efficient but moderate growth as well as iolT alone did in FU350, implying that IolF might play a vital role in D-chiroinositol uptake.
All the Iol enzymes, including IolG inositol dehydrogenase, are induced under the control of the IolR repressor, which is antagonized by one of the intermediates, 2-deoxy-5-keto-D-gluconic acid 6-phosphate, which appears only after processing of the myo-inositol and D-chiro-inositol incorporated in the cell. 2, 8) Hence, we were able to estimate the efficiency of myo-inositol and D-chiro-inositol uptake in an indirect way by measuring the IolG activity induced in the cell. 2) Various strains of B. subtilis (Table 1) were grown in S6 media containing 0.5% Casamino Acids with and without 10 mM myo-inositol or D-chiro-inositol, and their IolG activities were determined as described previously. 1) In the parental strain 60015, both myoinositol and D-chiro-inositol elevated enzyme activity, to almost the level of the induced state. In the presence of myo-inositol, strain FU350 equipped with iolT alone raised enzyme activity to a level as high as the induced state, while in the presence of D-chiro-inositol, the activity fell to an intermediate level (60% of the induced state). Conversely, strain IOLTd with iolF alone, in the presence of myo-inositol or D-chiro-inositol, elevated the activity to an intermediate level, nearly equal to the activity due to iolT alone in the presence of D-chiroinositol. When we knocked out both transporters simultaneously in FU351, the activities were lowest in the presence of myo-inositol and in that of D-chiroinositol. The residual activities might have been due to the IolT/IolF-independent transport, as described below. These results suggest that IolT transported myo-inositol more efficiently than D-chiro-inositol, while IolF played a more effective role in D-chiro-inositol uptake than in myo-inositol uptake.
Next we measured inositol uptake by strains of B. subtilis including YF244 (iolR::cat), FU352 (ÁiolF iolR::cat), FU353 (iolT::pMUTIN2 iolR::cat), and FU354 (ÁiolF iolT::pMUTIN2 iolR::cat) ( Table 2 ). In these four mutants on the iolR-null background, the y To whom correspondence should be addressed. Tel/Fax: +81-78-803-5891; E-mail: kenyoshi@kobe-u.ac.jp Biosci. Biotechnol. Biochem., 74 (6), [1312] [1313] [1314] 2010 Note expression of iolT and iolF may be regarded as constitutive at maximum levels, as confirmed by the constantly very high IolG inositol dehydrogenase activities in the cells (Table 1) , but the intracellular amounts of IolT and IolF proteins were not determined, and thus we were not able to consider stoichiometrically the transport capacity of each transporter, but only uptake by the cells. Simultaneous inactivation of iolT and iolF in FU354 essentially minimized inositol uptake to give the lowest rates for both isomers, indicating that uptake of these inositol isomers depends on the two transporters, and that these rates might represent IolT/IolFindependent transport. IolT/IolF-independent transport appeared to maintain myo-inositol uptake about 3 times more efficiently than D-chiro-inositol uptake, but this did not support growth (Fig. 1) . When IolT functioned, iolF inactivation alone in FU352 had little effect on myo-inositol uptake, as previously found, 2) but exhibited a tendency to diminish D-chiro-inositol uptake. Conversely, when IolF functioned, iolT inactivation in FU353 drastically reduced myo-inositol uptake, to the level of IolT/IolF-independent transport, while D-chiroinositol uptake was still 5 times higher than what IolT/ IolF-independent transport supported. These results suggest that IolF can contribute to D-chiro-inositol uptake more efficiently than IolT.
In order to confirm the suspected difference between the functions of IolT and IolF, the K m values of myoinositol and D-chiro-inositol uptake by IolT, IolF, and IolT/IolF-independent transport were determined ( Table 2 ). It was found that IolF possessed higher affinity to D-chiro-inositol than to myo-inositol, as its K m value for D-chiro-inositol was less than half of the value for myo-inositol. On the other hand, IolT proved to possess lower affinity to D-chiro-inositol than to myoinositol. Judging from the highest K m value, IolT/IolFindependent transport is much less specific, but might contribute to inositol uptake, which might reflect partial induction of IolG even when both transporters were missing (Table 1) , although it was not sufficient to support growth using the inositols (Fig. 1) .
Overall, it can be concluded that iolT and iolF individually encode a distinct inositol transporter with differential substrate specificity, which distinguishes myo-inositol and D-chiro-inositol. IolT C with shaking in S6 medium 9) containing 25 mM myo-inositol or D-chiro-inositol as carbon source, and supplemented with 0.005% Casamino Acids (Difco). When required, the preculture media were supplemented with chloramphenicol (5 mg/ml) and erythromycin (0.5 mg/ml). Growth tests were repeated at least 3 times, with similar results, and representative data obtained from a single experiment are shown. 6) and were purified after separation of the two isomers by thin layer chromatography using a silica gel-coated glass plate 60 F (Merck, Darmstadt, Germany) in a solvent system of a 5:5:1 mixture of chloroform, methanol, and water. Values are mean AE SD of three independent measurements. b Values are means ðmMÞ AE SD of three independent measurements, determined as previously described. 2) simultaneously in the presence of either of the two stereoisomers, but the latter especially prefers D-chiroinositol. Although we cannot comment on the physiological implications of these two inositol transporters, to our knowledge this is the first identification of two distinct inositol transporters in a microorganism with different substrate specificities to distinguish the stereoisomers.
